We describe a simple experimental setting where joint measurements performed on a single (classical or quantum) entity can violate both the Bell-CHSH inequality and the no-signaling conditions. Our analysis shows that the violation of the latter does not necessarily imply the possibility of a superluminal communication, as it is often believed due to an incorrect identification of the type of correlations that are produced by the joint measurements. In addition to its interest as such, our model provides a clarification of the mechanisms that are possibly at play when the Bell-CHSH inequality and the no-signaling conditions are violated in entangled bipartite systems, which would not result from the presence of a bipartite structure, but from the fact that the latter can manifest as an undivided non-spatial whole.
: A schematic representation of the four coincidence experiments AB, AB , A B and A B performed by Alice and Bob. The source emits a particle that propagates either towards Alice or Bob, or towards both, in case it would be a quantum entity prepared in a superposition state.
either the same, or that the particle is emitted in a symmetric (with respect to the source location) superposition state, formed by two wave-packets propagating in opposite directions:
When Alice and Bob jointly perform their measurements, the following four combinations of screens are possible: AB, AB , A B and A B . Because of the symmetry of the experiment, we then necessarily have: P(A 2 , B 2 ) = P(A 2 , B 2 ), P(A 1 , B 2 ) = P(A 2 , B 1 ), P(A 2 , B 1 ) = P(A 1 , B 2 ).
To simplify the notation, we set p ≡ P(A 2 , B 2 ), p ≡ P(A 2 , B 2 ) = P(A 2 , B 2 ) and p ≡ P(A 2 , B 2 ). In view of (1), we have:
P(A 1 , B 2 ) + P(A 2 , B 1 ) = 1 − p , P(A 1 , B 2 ) + P(A 2 , B 1 ) = 1 − p P(A 1 , B 2 ) + P(A 2 , B 1 ) = 1 − p, P(A 1 , B 2 ) + P(A 2 , B 1 ) = 1 − p .
For the expectation values (also called correlation functions) we obtain: E(A, B) = P(A 1 , B 1 ) + P(A 2 , B 2 ) − P(A 1 , B 2 ) − P(A 2 , B 1 ) = 2p − 1 E(A, B ) = P(A 1 , B 1 ) + P(A 2 , B 2 ) − P(A 1 , B 2 ) − P(A 2 , B 1 ) = 2p − 1 E(A , B) = P(A 1 , B 1 ) + P(A 2 , B 2 ) − P(A 1 , B 2 ) − P(A 2 , B 1 ) = 2p − 1 E(A , B ) = P(A 1 , B 1 ) + P(A 2 , B 2 ) − P(A 1 , B 2 ) − P(A 2 , B 1 ) = 2p − 1.
The quantity in the Bell-CHSH inequality then becomes [1] :
To explore the values that (6) can take, we must remember that we have assumed that the screens used in the A and B measurements are less efficient than those used in the A and B measurements. This means that it is during the joint measurement AB that the particle has the highest probability of not being detected by the two screens, during the time interval ∆T . On the other hand, the situation where the probability of not being detected (i.e., not being absorbed) is the lowest, is that of the joint measurement A B , and of course for the two measurements A B and AB we are in an intermediate situation. Therefore, we can generally write: p ≥ p ≥ p . To analyze (6), we start by assuming that p + p ≥ 1, from which it also follows that p + p ≥ 1. Then (6) becomes:
So, this is a situation where there is no violation of the Bell-CHSH inequality. Let us then assume that p + p < 1. We have in this case:
Note that if p would be well approximated by an arithmetic mean, i.e., p = (p + p )/2, then we would have CHSH = 2(1 − 2p ) ≤ 2, and there would be no violation. On the other hand, if p is given by a geometric mean, i.e., p = √ pp , we have:
The two probabilities p and p can be varied one independently of the other, with the only constraints that p ≥ p and √ pp + p < 1. These constraints are compatible with the limits where p → 1 and p → 0, and according to (9) we find in this limit that: CHSH → 4, i.e., the maximum algebraic violation of the Bell-CHSH inequality is reached.
The above analysis is of course consistent only if p is indeed well approximated by a geometric mean. To show that this is the case, let us consider a simple classical model. For this, we assume that the particle is emitted by the source towards Alice, with velocity v. To reach Alice's screen, who is performing, say, measurement A , it has to travel for a time v . Then, it can either be detected (i.e., absorbed) by Alice's screen, with probability D , or reflected back by it, with probability R , with D + R = 1. In the latter situation, to reach Bob's screen, who we assume is performing measurement B, it has to travel for an additional time d v . Then, when interacting with Bob's screen, it can either be detected, with probability D, or reflected back towards Alice's screen, with probability R, with D + R = 1. If it is reflected back, to reach once more Alice's screen, it has to travel for a further time d v , and the story possibly repeats, until either Alice or Bob, or none of them, will detect or not detect the particle within the observational time interval ∆T = t 2 −t 1 . If we take t 1 = , with n ≥ 1. Therefore, we can write:
We can reason in a similar way for the particle initially traveling towards Bob. In this case, the particle will reach Bob's screen after a flight time 
v , the particle can interact with Alice's screen a maximum of n times, so Alice's detection probability is in this case:
Bringing the above two probabilities together, we obtain:
Reasoning in a specular way, we find for the probability that the particle is detected by Bob, and therefore not by Alice:
Adding these two probabilities, we obtain:
Considering that P(A 1 , B 1 ) = 0, we deduce that:
For symmetry reasons, we find the same result for P(A 2 , B 2 ), and for measurements AB and A B we clearly have: P(A 2 , B 2 ) = R 2n ≡ p and P(A 2 , B 2 ) = R 2n ≡ p . Therefore, we obtain:
So, it is indeed the geometric mean that has to be considered, certainly when reasoning with a classical particle. For a quantum entity, additional effects are of course also possibly involved in the process, like resonance effects resulting from the fact that forward and backward wave-packets can superpose and interfere. These effects, however, are important only in the situation of wave-packets emitted by the source that are spatially very extended. Moreover, in the case of well-peaked in energy wavefunctions, the main difference with respect to the classical analysis is that one will have to reason in terms of probability amplitudes, when considering the different paths the particle can follow, for instance in a path integral formulation of the problem. These paths will be associated with phase factors, which will be typically proportional to the distances traveled by the particle when multiply reflected back and forth in between Alice's and Bob's screens. This, however, will not alter qualitatively our classical analysis above, but only introduce a modulation of the possible values of p , depending on possible resonant conditions that can be obtained by varying the distance d between the two screens (or the energy of the quantum entity).
Consider now Alice's and Bob's marginal probabilities. Defining:
the no-signaling conditions, expressing the requirement that the probabilities of Alice's outcomes do not depend on the measurements performed by Bob, and vice versa, can be written as:
On the other hand, we have:
and in view of (4), we obtain:
Hence, compliance with the no-signaling conditions requires that p = p = p , which in turn would implies the non-violation of the Bell-CHSH inequality.
We have therefore described an experiment where Alice and Bob, by acting on a single entity, are able to violate the Bell-CHSH inequality, up to its maximal algebraic value, and at the same time violate the no-signaling conditions, the two violations being here intimately connected. Note that the reason for the above violations was identified by one of us already in the early eighties of the last century [2, 3] , as being the consequence of processes where correlations that are only potentially present prior to a joint measurement are actualized in an unpredictable way by the latter. These were called 'correlations of the second kind', to distinguish them from those, 'of the first kind', which are actual prior to the measurement and can only discovered by it, and therefore are unable to violate the Bell-CHSH inequality and no-signaling conditions [4] .
When considering two-entity entangled systems, the four joint measurements AB, A B, AB and A B are typically described, in the standard quantum formalism, as tensor product observables: A⊗B, A ⊗ B, A ⊗ B and A ⊗ B . This automatically guarantees that the no-signaling conditions are obeyed, and this is the reason why it is usually considered that quantum mechanics cannot contradict relativity, even if the collapse of the wavefunction is an instantaneous phenomenon. The typical reasoning goes as follows. One first assumes that Alice and Bob, who are located at great distance from one another, share a sufficiently large number of identically prepared entangled states, where by 'sufficiently large' we mean 'large enough to be able to produce a robust statistics of outcomes, when performing multiple times the same joint measurement, so as to allow to unambiguously distinguish it from other possible joint measurements'. If the statistics that Alice obtains depend on the measurement Bob is jointly performing at his location, Bob has then a way to use this fact to communicate with Alice [5] .
One can think for instance that Alice and Bob have arranged things in such a way that they can perform all these identical measurements, providing the necessary statistics, in a parallel way, so that the execution time of a single coincidence measurement can be assumed to approximately correspond also to the execution time of performing a large number of them. If one adds to the above the hypothesis that Alice and Bob can actualize at the same time their outcomes (in the reference frame in which their apparatuses are at rest), that is, that the collapse of the entangled state would be instantaneous and independent of the distance separating them, one can easily imagine how a superluminal form of communication could take place in principle, thanks to the violation of the no-signaling conditions (18) .
Considering that our model flagrantly violates the no-signaling conditions, the following question arises naturally: can it be used to achieve a superluminal communication? (See also the related discussion in [4] and references cited therein). Take first the situation where the particle emitted by the source is classical. As we observed, the observational time interval is ∆T = (2n−1)d v , so its minimal value for n = 1 is d v , hence no communication can be superluminal. If the particles are quantum, we have wave-packets instead of localized corpuscles. Since also wave-packets need time to propagate, for the two screens to be able to appreciably influence each other's detection probabilities, the time interval ∆T needs again to be large enough, thus preventing the violation of the relativistic limit. Also, if the initial wave-packet is a superposition (2), formed by two components propagating in opposite directions, each component will reach Alice's and Bob's screen, on average, after a time d 2v (assuming the components have average speed v). This would be the quantum equivalent of the situation of classical particles prepared in a mixture of states propagating either towards Alice or towards Bob. But if the time interval ∆T is chosen each time to be strictly less than d v , the no-signaling conditions will not anymore be violated, so Alice and Bob will be prevented to communicate.
Of course, in the quantum case the spreading of the wave-packet will also play a possibly important role. Indeed, a quantum entity, even if at time t 0 is fully localized in a finite region around the source, its probability distribution will immediately spread in space in such a way that there will be a non-zero probability of finding it in any other region of space for (almost) all times t > t 0 [6] . But the relevance of this additional effect, produced by the wave-packet spreading, is unlikely to be significant enough, from a statistical viewpoint, to allow reducing the detection interval below d v , still maintaining a viable form of communication, i.e., a sufficiently strong violation of (18) . Now, to be able to fully set the issue, one should perform a complete calculation, adopting some reasonable definition for the screen observables, able to account for the probabilities of their clicking during a given detection time interval ∆T . This requires to devise a method for defining generalized time-observables supplying properly normalized conditional probabilities for the time of occurrence of a detection event, so as to be able to consistently define the probabilities that the detection at one of the two screens occurs within the time interval ∆T (see for instance [7] ). And to do so, one will also have to correctly model the interaction with the screens, which will also govern the evolution of the wave-packets. Also, since the effect of the violation of (18) will become smaller and smaller, as the observational time interval ∆T decreases, the number of joint measurements Alice and Bob need to perform in parallel, in order to obtain a sufficiently robust statistics, will have to grow proportionally, so one will also have to start taking into account the time needed to collect all the outcomes of these experiments conducted in parallel. Clearly, a detailed calculation of the above kind is beyond the scope of the present article, but we are certainly interested in investigating more in detail the quantum version of our screen-model in future works. But again, based on what can already be inferred from the classical analog, it is likely that no superluminal communication will prove to be possible when all the aspects of the experimental situation are properly taken into account.
To conclude, we have presented a detection model where the measurements' outcomes are about detecting or not detecting a particle, which can either be a classical corpuscle or a quantum microentity. Our idealized experimental situation exploits to its advantage the so-called 'detection loophole' to produce correlations that are able to violate the Bell-CHSH inequality. In other words, the nonideal intrinsic efficiency of the detectors is viewed here not as a limitation, but as a resource, in the sense that a non-detection (during the predetermined observational time interval) is interpreted as a bona fide outcome, and not as a measurement without an outcome. Finally, we have shown that the no-signaling conditions are also strongly and intrinsically violated in our model, and therefore can generally be violated in quantum mechanics, without this being necessarily in conflict with the relativistic principles. We of course encourage our fellow experimentalists to exploit the violation of the marginal laws (18) , as per the mechanism identified in this article, using for instance photons in a superposition state, to achieve the transmission of a certain number of bits between Alice and Bob, then deduce the effective speed of the implemented communication protocol.
As a last observation, we emphasize that our analysis indicates that a single-entity situation already contains the core aspects that are responsible for producing a violation of the Bell-CHSH inequality in bipartite systems, as well as a possible violation of the no-signaling conditions, as observed in many experiments [8, 9, 10, 11, 12, 13] . Of course, when studying entanglement in bipartite systems, additional elements come into play in the way the phenomenon is usually interpreted, in particular because of our tendency in viewing spatially separated entities as not anymore forming a single whole. On the other hand, our model (and our related analysis in [4] ) indicates that two entangled entities can and probably should be understood as forming an undivided and interconnected whole, from which (when joint measurements are performed on it) correlations can be created, in a way that both the Bell-CHSH inequality and the no-signaling conditions can be violated.
From the viewpoint of the quantum formalism, this means that it is not possible anymore to represent the joint measurements by using a unique tensor product decomposition, and we refer the reader to [14, 4] for a more general Hilbertian representation. As regards the nature of quantum entanglement, it follows that non-locality can and probably should be understood as the consequence of the non-spatial nature of entangled systems, which in turn would explain why micro-entities, when entangled, are able to form an effective single-entity, despite of the fact that they can be separated by arbitrarily large spatial distances. This should not be surprising, since even when we experiment with single-entities, like in the remarkable neutron interferometry experiments performed in the mid-seventies of the last century [15, 16] , and data are attentively analyzed [17, 18] , it is quite obvious that they do not behave as particles, waves or fields, but as genuine non-spatial elements of our physical reality. It is this same non-spatiality, manifesting itself already at the single-entity level, which in our view can explain why bipartite systems are able to form interconnected unities that can violate the Bell-CHSH inequality and also possibly the marginal laws.
